Background: The concentrations of macronutrients in human milk can be influenced by various processes, such as storage, freezing, and thawing, that are performed by lactating working mothers and breast milk banks. We evaluated the impact of various containers on the nutrient concentrations in human milk. Methods: A total of 42 breast milk samples from 18 healthy lactating mothers were collected. A baseline macronutrient concentration was determined for each sample. Then, the breast milk samples were divided and stored in nine different commercial milk containers. After freezing at -20 C for 2 days, the milk samples were thawed and analyzed again. A midinfrared human milk analyzer (HMA) was used to measure the protein, fat, and carbohydrate contents. Results: There was a significant decrease in the fat content following the storage, freezing, and thawing processes, ranging from 0.27e0.30 g/dL (p Z 0.02), but no significant decrease in energy content (p Z 0.069) was noted in the nine different containers. There were statistically significant increases in protein and carbohydrate concentrations in all containers (p Z 0.021 and 0.001, respectively), however there were no significant differences between the containers in terms of fat, protein, carbohydrate, or energy contents. Conclusion: Human milk, when subjected to storage, freezing, and thawing processes, demonstrated a significant decrease in fat content (up to 9% reduction) in various containers. It is better for infants to receive milk directly from the mother via breastfeeding. More studies are warranted to evaluate the effects of milk storage on infant growth and development.
Introduction
Human milk is the best food for infants. 1, 2 The World Health Organization recommends human milk as the best way to provide optimal nutrition to full-term infants for at least 6 months. 3 Breastfeeding rates in Taiwan for 1-and 6-monthold infants were 85.4% and 46.0%, respectively, in 2010, but the rate has increased each year. 4 When the mother is separated from her infant due to illness or work, she can still secrete and store her milk for caregivers to feed to the infant. 5 However, the storage container, the temperature of storage, and the heating process may influence the nutritional components of human milk. 6, 7 Previous studies report that proteolysis and lipolysis occur in human milk at different temperatures. 6 Denaturation of proteins has been noted after freezing (-20 C) and thawing. 7 Lactose has been found to be stable after pasteurization and freezing. 8 The storage of human milk in polyethylene bags results in reduced fat content due to adherence to the inside surface of the bag. 9 Similarly, sterilization of human milk causes a decrease in the fat percentage by enhancing fat adherence to the container surface.
10 Some lipid-soluble nutrients in human milk demonstrate a similar propensity to adhere to the surfaces of containers made of glass and polypropylene. 11, 12 Little is known about the effects of the sequential processes of storage, freezing, and heating to the macronutrients in human milk. Furthermore, there is little data on the effects of different storage containers on the macronutrient composition of human milk.
Infrared spectroscopy has become a widely used technique for the determination of the macronutrient content of human milk.
13e17 Fat, protein, and carbohydrate concentrations can be accurately calculated by measuring the absorption at specific wavebands. Measurements can be performed quickly, and only small amounts of milk are required (2e3 mL for each measurement). Positive correlations have been found between data obtained using an infrared analyzer and results obtained using conventional laboratory methods, 16, 17 demonstrating that the infrared technique is reliable.
For this study, we studied the effects of different containers on the contents of human milk under normal storage conditions using infrared analysis.
Material and Methods
The study was conducted at Taichung Veteran General Hospital, Taichung, Taiwan, between November 2010 and January 2011. The trial was approved by the institutional review board of Taichung Veteran General Hospital, and informed consent was obtained from all participants before initiating the study.
Samples
Forty-two fresh human milk samples were collected from 18 healthy lactating mothers. All infants were full term, with ages ranging from 1e23 months. Milk was obtained by hand or breast pump from either the left or right breast and immediately stored in glass containers in a refrigerator for no more than 3 days before analysis. The total volume of each stored sample was 280 mL and was obtained from 1e2 donors.
Procedures
2.2.1. Homogenization, division, freezing, and thawing Fresh breast human milk was stored in a glass container and homogenized using a homogenizer (ultrasonic vibrator VCX 130; Sonics & Material, Newtown, Connecticut, USA) for a duration of 1.5 seconds per milliliter of milk. A 10-mL sample was taken as the baseline for analysis, and then the remaining milk was divided into nine different containers ( Table 1) . Each container contained 30 mL of milk and was stored at -20 C for 48 hours. The containers were then put into a refrigerator at 4 C for 12 hours to thaw. After removal from the refrigerator, the samples were subjected to the same homogenization and analysis process described above.
Analysis
We used a midinfrared (MIR) human milk analyzer (HMA) that was developed by Miris AB (Uppsala, Sweden) to measure the macronutrient components of the human milk samples. Miris HMA is certified by International Organization for Standardization (ISO) 9622:1999, the Association of Official Analytical Chemists, and the International Dairy Federation. It has different filters for specific milk components and uses four different wavebands to measure functional carbonyl groups (5.7 mm) and carbon-hydrogen groups (3.5 mm) for fat determination, amide groups (6.5 mm) for protein determination, and hydroxyl groups (9.6 mm) for lactose determination. 16 The machine calculates energy using the equation: Energy Kcal/ 100ml Z (9.25 Kcal/g Â fat g/100ml) þ (4.40 Kcal/ g Â protein g/100ml) þ (3.95 Kcal/g Â lactose g/100ml). A 3-mL volume of breast milk was heated, and the homogenized human milk in each container was analyzed. Each analysis was repeated three times, and the average value was used for further analysis.
Statistical analysis
Data were analyzed using SPSS 10.0 (SPSS Inc., Chicago, IL, USA), specifically using the Student t test and one-way analysis of variance (ANOVA). Significant differences are defined as p < 0.05.
Results

Influence of storage process on the macronutrients of human milk
There were significant reductions (p Z 0.02) in the percentages of fat in each of the nine containers, ranging from -0.26 g/dL to -0.30 g/dL (8.2% to 9.4% decrease). The total protein and carbohydrate concentrations increased significantly (p Z 0.021 and 0.001 respectively), ranging from 0.04 g/dL to 0.06 g/dL (4.4% to 7.7% increase) and 0.06 g/dL to 0.1 g/dL (0.8% to 1.4% increase), respectively. The energy levels decreased in all containers, but this did not reach a statistical level of significance (p Z 0.069; Figure 1 ).
Influence of different storage containers on macronutrient contents
Although container 8 (see Table 1 ) demonstrated the least fat and energy loss (8.2% and 2.9%, respectively), and container 5 (see Table 1 ) demonstrated the most fat and energy loss (9.4% and 3.6%, respectively), there were no statistical differences in terms of the percentages of fat, protein, carbohydrate, and energy among the nine containers (p Z 0.993, 0.167, 0.837, and 0.947, respectively).
Discussion
Fat accounts for approximately 50% of the nonprotein energy in human milk and facilitates the absorption, delivery, and transport of fat-soluble vitamins. 18 This study demonstrates a statistically significant reduction in the fat content in each of the containers that were analyzed, although no significance difference in terms of the energy density was found.
The loss of fat is most likely due to the adherence of breast milk to the container wall, lipolysis, or lipid peroxidation. The greatest loss, which was measured in container 5, was approximately 2.7 kcal/dL, which accounts for 4% of the total calories found in human milk. However, the clinical impact of this loss on an infant's growth and development needs to be further studied.
The adherence of fat to the tubing system and walls of a bag has been reported in several studies and appears to be unavoidable. 9, 12, 19, 20 Ultrasonic homogenization can reduce fat loss during tube feeding 21 and increase fat absorption in very low birth weight infants 22, 23 by decreasing clumping and reducing the size of the fat globules. Therefore, we can reasonably expect that the loss of fat content may be greater during regular processing at home where homogenization is not performed.
Lipolysis with fatty acid formation has been observed during storage at 4 C for 96 hours, demonstrating a 3-fold Figure 1 Comparison of macronutrient and energy changes before and after storage in various containers. C Z container.
increase in the concentration of fatty acids. 24 Studies by Marget at el reported lipolysis at 15 C, 25 C, and 38 C after storage for 24 hours. 6 They also reported that lipolysis occurred rapidly during the first hours of storage and was most evident at 25 C, demonstrating 5e6-fold increases compared with fresh breast milk at 24 hours. Another study showed that the human milk creamatocrit level remains stable after freezing at -20 C for 28 days, but decreases after two cycles of freezing and thawing, 25 and lipolysis could occur after freezing for long periods. 7 The abovementioned studies indicate that the lipolysis observed in our study may have been induced by the thawing and warming procedures, although the extent to which they contributed to lipolysis could not be determined. However, the fatty acids produced by lipolysis might prevent the growth of microorganisms, as these fatty acids have anti-infective properties against bacteria, viruses, and protozoan. Lipid peroxidation is the oxidative degradation of lipids, which leads to free radical formation and impairment of the antioxidant defense system. Previous studies have shown that little oxidation occurs in stored frozen breast milk (-20 C), but oxidation does take place in breast milk stored in a refrigerator (4 C). 30, 31 Our study investigated both forms of storage, so lipid peroxidation could have played a role in the loss of fat observed in this study.
The increased concentrations of protein and carbohydrate may be due to water evaporation (volatilization), sublimation, and the increased infrared absorbance of protein at the 5.7-mm waveband over time. 32, 33 Although protein may denaturalize when thawed, 7 and some protein breakdown has been observed after storage at 38 C for 24 hours, 6 we did not find a significant decrease in the protein content as a result of these procedures. Lactose, the main carbohydrate of human milk, has been noted as stable after pasteurization, freezing, and thawing in some studies, 7, 8 which is consistent with our results. In addition, thawed frozen breast milk could cause the aggregation of casein micelles, resulting in variations in the protein content. 17 The increased concentrations of protein and carbohydrate in our study was minimal and had little impact on the energy content.
One of the limitations of this study was that the human milk analyzer (HMA) we used could only measure macronutrient components. It was not capable of measuring the immunological and biochemical properties of human milk, which may also change after storage and processing. Another limitation is that we only studied mature human milk from the mothers of full-term infants. The results may be different for the human milk of the mothers of preterm infants. However, one study showed no difference in fat content between human milk obtained from the mothers of full-term and preterm infants (30e37 weeks of gestation), but there was a significant difference in comparison with milk obtained from the mothers of very premature infants (< 30 weeks of gestation). 34 Our results, therefore, could be applied to human milk obtained from the mothers of preterm infants (30e37 weeks of gestation) in the hospital.
In conclusion, the freezing and warming of stored human milk is a common practice of mothers who are separated from their babies due to work or illness. Our study reveals that fat loss occurred in all of the breast milk samples that were stored in the nine containers that were investigated. We found that the loss of fat was as high as 9% in one polyethylene bag, though this decrease did not reach a statistical level of significance compared with the reductions that were observed in the breast milk that was stored in the other containers, and the resultant energy difference was not significant. The effects of the loss of milk fat on the growth and development of full-term/ preterm infants needs to be further investigated. We encourage mothers to directly breastfeed their infants, which may avoid the loss of fat and related nutrients that result from storage and processing. To the best of our knowledge, this is the first study to evaluate the effects of different containers on macronutritional changes in human milk after storage and processing. Further studies on the effects of storage and processing on the various bioactive components (e.g., cells, enzymes, immunoglobulins, hormones) in human milk are needed.
